Introduction
Experimental results are interpreted, which were obtained by tip enhanced Raman Spectroscopy (TERS) in a specific SNOM (Scanning Near-Field Optical Microscope)--STM (Scanning Tunneling Microscope) configuration with a tunnel gap between a gold coated glass tip and a thin film of gold.
Experimental Configuration
A corner of a glass fragment which is coated with a 20 -50 nm thick film of gold is used as a tip for STM (scanning tunneling microscopy) and TERS (Tip Enhanced Raman Spectroscopy) [1] . Such glass fragments have sharp edges with a radius of curvature in the order of 5 nm. This is well known from the use of glass wedges as knives for ultramicrotomy of samples for transmission electron microscopy, where slices of a thickness in the order of 30 nm are required. The glass wedges are produced by repetitive cleaving of a glass slab of a rectangular cross section. The corner of the wedge has an opening angle close to 90° and can thus be considered as the apex of a regular tetrahedron. Therefore, the tip is called a tetrahedral tip or a T-tip. As shown in Fig.1 , a p -polarized coherent 633 nm photon beam, which is emitted from a He Ne Laser is normally incident into the T-tip. The coherent beam of light is considered as a coherent propagating Gaussian beam of photons and electromagnetic radiation of a numerical aperture in the order of 0.05. This beam is retroreflected in the T-tip. The sample consists of a ca. 25 nm thick film of gold which is coated with a 4-4-bipyridine monolayer. The light, which is forward scattered from the tip through the sample is collected by an oil immersion objective lens and the spectrum of the light, which is scattered from the apex of the tip in the focus of the of the objective lens is recorded.
Experimental Results
Energy loss spectra are shown in Fig.2 of photons scattered through the gold film as a function of the tunnel current with a constant applied voltage of 0.1V [2] . The spectra exhibit narrow lines of the adsorbed molecules on a broad background. The redshift of the maximum with respect to the laser line decreases with increasing tunnel current. Here we focus our interest on this background. The bars indicate the position of the maximum of the background as calculated on the based on the interpretation presented here A broad band background is well known from previous TERS experiments with a TERS -STM configuration [3] and from surface enhanced elastic scattering experiments [4] with pairs of metal nanoparticles as a medium for surface enhanced scattering spectra (SES). In both cases the redshift of the maximum increases with decreasing gap distance between tip and sample (TERS) or between the nanoparticles (SES) respectively. In the SES case, however, the redshift starts was shown to decrease significantly with decreasing gap width, when the gap width reaches the 0,1 nm range where an optically induced electron tunnel process occurs which strongly influences the coupling of the particle plasmon resonances. In our case, the increase in the tunnel current is accompanied with a decrease in the gap distance due to the STM constant current to distance feedback. 
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Interpretation of the Experimental Results
We interprete the Raman spectra of the tunnel gap in terms of the concept of a Fano
Resonance [5] due to a coupling between a continuum of energy states and a discrete energy state which overlaps with the continuum. We define the discrete energy state as a photon of an energy corresponding to a wavelength of 633 nm. The continuum is the continuum of states of the wavefunctions of the conduction electrons. The coupling of the photons with the electrons occurs in the collision of the propagating photon with the conduction electrons in the photon reflection process.
This interaction between photons and electrons has to be distinguished from radiative properties of overlapping electronic energy states which is often used to explain energy shifts due to the coupling of particle plasmon-polaritons or the coupling between plasmon-polaritons and excitons. These coupled plasmon-exciton resonances are often considered as Fano resonances but they can equally well be considered as classical electromagnetic interference phenomena [6] .
Model of the Photon as an entangled Vacuum Phonon-Polariton
In the interpretation of the Raman scattering of a photon and an electron tunnel junction we cannot consider the photon as a purely electromagnetic phenomenon because a transfer of angular momentum of mechanic origin occurs in the Raman scattering process [7] . The relativistic inertial and gravitational aspects of the interacting quanta-photons and electrons without and with a rest mass respectivelyhave to be considered. This is done by considering the photon beam as a current of entangled vacuum phonon polaritons [8] . The model of the photon as an entangled phonon-polariton can be described in the framework of a unified theory of electromagnetism and gravitation by Bernhard Riemann [8, 9] . 
Interpretation of the Raman spectra of the tunnel gap in the absence of a stationary tunnel current
For the interpretation we neglect ohmic losses in the metal coating and we do not take into account the influence of a random thermal motion of electrons on the spectra. As shown schematically in fig. 1 , a normally incident photon is retroflected in 2 reflection steps and the spin, which is oriented parallel to the axis of polarization, is inverted as it rotates by an angle around the transverse axis in each of the two reflection steps. Due to conservation of angular momentum, an angular momentum is transferred to the tetrahedral tip, The torque of the photon acts on the conduction electrons and therefore energy is transferred to the electrons corresponding to a decrease in energy and wavenumber of the photon: using eq ( ) we obtain for the
In this way we have determined the redshift of the energy loss spectrum in the absence of a stationary tunnel current. The position of the calculated redshift is indicated in Fig.2 by a broken line. The position is close to the maximum of the broad band background for the case of a tunnel currrent of 0.1 nA.
The torque of a tunnel current through a tunnel gap.
In the stationary state, the power density of the tunnel current is time and space invariant.
Energy is transferred with the tunnel current from the T-tip into the sample. No energy is dissipated to heat in the vacuum tunnel gap since the vacuum has no Ohmic resistance. It is known from experiments with scanning tunneling microscopes that a gold tunnel gap can withstand a current of 1mA without a significant alteration of the gold structure. A current density is associated to such a tunnel current which would lead in the matter bound current of a metal wire to an immediate evaporation of the metal. The tunnel current can be considered as the passage of electronic charges at a frequency = s 1 through the tunnel gap:
If we neglect Ohmic losses in the metal shell, the velocity of the motion of electrons is space invariant and corresponds to a uniform drift velocity of the electrons. Since energy is conserved in the passage of the electrons through the tunnel gap, no energy is dissipated into heat, therefore, the kinetic energy of the electrons in the metal coating of the tip and sample is space invariant. In the passage of the electron through the tunnel gap, the tunneling electron gains, due to the electric field and the voltage difference across the tunnel gap, a stationary potential energy
Since the electronic charge related to the tunnel current appears on the metal shell of the tip as a monopolar charge of a dipolar surface charge, we may consider the tunnel current as a flux of dipolar electric energy through the tunnel gap. The stationary flux leads to a stationary linear dipole moment = − , which is determined by the distance of the tunnel gap and the dipolar surface charge .
This leads to an alternative expression of the energy content of the tunnel gap as an electric dipolar energy in terms of the tunnel distance and the surface charge
Since we derived the dipole from the model, that the stationary single electron tunnel current is equivalent to the rotation of an electric dipole around a transverse axis by a polar angle = 2 , the potential energy ( )and the dipole energy ( ) have to be the same. From this equality we can derive the tunnel distance as a function of the surface charge ⟹ = √ 2
The dipolar surface charge can be derived from the spatial continuity of the surface charge for the case of the ideally conducting metal films, which is assumed in our interpretation. The stationary surface charge density is determined by the stationary tunnel current and the transverse cross sectional area F of the tetrahedral tip which, for our specific configuration (see Fig. 1 ) is an equilateral triangle of a base On the other hand, with (6), (8)and ( 2) we obtain for the electric dipolar energy density ( ) = 2 2 2 2 3 ( 7)
By setting = for the location of the tunnel gap we obtain for the electric dipolar surface energy
With ( ) we obtain the result
In the same way, as the stationary motion of electron charge through the tunnel gap can be regarded as a rotation of an electric dipole, the motion of electronic mass can be described as a spin of surface mass (11)
This spin of the surface mass corresponds to the spin of an electronic mass, the spin angular momentum of a single electron
= (2 )
To this spin we associate a kinetic energy
the motion of electronic mass can alternatively be described as an angular momentum ℒ of electronic mass which is defined by an inertial moment and an angular frequency = 2 .
ℒ = (23)
To the angular momentum we can associate a stationary spin current which corresponds to a kinetic energy content of the statonary angular momentum: 
Influence of a stationary tunnel current on the Raman spectra.
The transverse differential torque of the tunnel current induces a maximum energy gain on a normally incident photon due to the transfer of angular momentum from electrons to photons , as the polarization axis of the photons rotates by a polar angle Calculated values for the spectral shifts are summarized in Table 1 . In Fig 2 the 
Conclusions
We arrived at a determination of the position of the maximum in the broad background of the Raman spectra which coincides with the experimental results within experimental uncertainties in the order of 100 cm -1 . It is remarkable, that only the known values of the current and the wavelength and fundamental constants enter into the calculation. No adjustable parameters are needed. Our classical explanation of the torque of the tunneling electrons is consistent with the spin of an electron as known from relativistic quantum theory. We did not yet deal with the determination of the width of the broad band background. We intend to determine the width by introducing an angular distribution of the angle of incidence of the photon, which, within our model of the photon is considered as a hemispherical wavefront of a numerical aperture 1 [8, 9] . Therefore, we have to consider the whole angular an effect on the spectrum. It is well known, that the radius of curvature of a metal tip has a strong effect on the TERS spectra [3] and the metal particle properties determine the SES spectra [4] 
Discussion
In a more technically oriented description, the tunnel gap can be regarded as an 
Outlook
In this context it will be interesting to apply the concept of the SPOT to designs of supramolecular constructs for artificial photosynthesis. A bimolecular tunnel gap or a chemical bond between a bimolecular structure was already shown to be essential for an explanation of the generation of electron-and proton-motive forces by photoelectrochemical processes in natural photosynthesis [13, 14] and led to suggestions for supramolecular constructs for the primary electron tunneling processes of charge separation in artificial photosynthetic systems [13] .
